Introduction {#S0001}
============

In modern society, cancer is a serious threat to public health worldwide and imposes a heavy economic and psychological burden on the country, society and individuals. According to the current medical technology, the typical scientific treatments for cancer are surgery, radiation therapy and chemotherapy.[@CIT0001],[@CIT0002] Chemotherapy is now a commonly and widely used strategy in treating solid tumors. Unfortunately, conventional chemotherapy usually leads to numerous unfavorable effects such as poor selectivity toward cancer cells, low drug concentration accumulation at the tumor-targeting site, and multidrug resistance in the body.[@CIT0003] Commercial formulations, such as Taxol^®^, can cause allergic reactions and severe toxicity to patients.[@CIT0004] These shortcomings result in low therapeutic effects. Simultaneously, various highly active pharmacological anticancer drugs are being developed. One of them is ginsenoside Rg5 (Rg5), extracted from ginseng, which is a well-known herbal plant in Eastern countries.[@CIT0005] Ginsenosides, the main active ingredients of ginseng, are triterpene saponins. They possess extensive pharmacological activities, including anti-tumor, anti-inflammatory, anti-angiogenic, anti-allergenic, anti-oxidant, anti-aging, and anti-diabetic activities.[@CIT0006],[@CIT0007] Rg5, a main rare ginsenoside, has the unique biological properties.[@CIT0008] Recently, researchers have paid close attention to Rg5 for its anticancer potency in several kinds of carcinoma, including esophageal, gastric, breast, and cervical cancer.[@CIT0009]--[@CIT0011] However, the low water solubility, poor bioavailability, and short biological half-time of Rg5 limit its medical application.[@CIT0012],[@CIT0013] Although polyethylene glycol (PEG) 400, polyethoxylated castor oil, ethanol or Tween 80 could enhance the solubility of Rg5, a high concentration of the solvent may cause serious side effects. Therefore, we urgently need to find new avenues for improving the current cancer treatment regimens to overcome this medical problem.

In recent years, researchers have been focused on the combination of nanomedicine and oncology in the context of nanotechnology. The abovementioned deficiencies of Rg5 could perhaps be overcome by targetable, biodegradable and biocompatible nanoscale drug delivery systems, such as liposomes, micelles, dendrimers, and nanoparticles (NPs).[@CIT0014] Albumin as vehicles have been extensively investigated for drug delivery applications, to enhance the solubility and therapeutic effect of drugs.[@CIT0015] The drugs can bind to albumin with a certain affinity and then release into the cells under weakly acidic conditions. Albumin-based NPs deliver drugs to cancer cells while decreasing toxicity in healthy cells by two approaches: passive and active targeting.[@CIT0016] In the passive targeting approach, bovine serum albumin (BSA)-based nanocarriers enable drug delivery due to the intrinsic natural properties of BSA.[@CIT0017]--[@CIT0019] These nanocarriers are transported by albumin receptor gp60-mediated transcytosis or the enhanced permeability and retention (EPR) effect in the hostile tumor microenvironment.[@CIT0018],[@CIT0020],[@CIT0021] In the active targeting approach, BSA has certain functional groups to be covalently modified by target molecules. One of these molecules, folic acid (FA) is famous for its unique advantages, including stability, low immunogenicity, and high binding affinity with the FRɑ receptors that are overexpressed in several cancer cells, not the normal cells.[@CIT0022]--[@CIT0024] FA-modified BSA nanoparticles recognize the FRɑ receptors on the cells and subsequently enter the specific cells via receptor-mediated endocytosis, achieving drug accumulation in tumors, targeted delivery in cancer cells and side effect reduction in healthy tissues.[@CIT0025]

In the present work, we prepared Rg5-loaded BSA nanoparticles using the desolvation method and then modified them with FA via an amidation reaction. The resulting FA-Rg5-BSA NPs were characterized by Fourier transform infrared (FT-IR) spectroscopy and nuclear magnetic resonance (^1^H NMR) for material structures, scanning electron microscopy (SEM) and transmission electron microscopy (TEM) for surface morphology, dynamic light scattering (DLS) for particle size and zeta potential, and high-performance liquid chromatography (HPLC) for drug loading and release. Then, in vitro biological studies of FA-Rg5-BSA NPs were performed using a series of assays associated with cell viability, apoptosis, and cellular uptake. Finally, the in vivo antitumor effect and the real-time bioimaging evaluation for FA-Rg5-BSA NPs were assessed.

Materials and methods {#S0002}
=====================

Chemicals and reagents {#S0002-S2001}
----------------------

Ginsenoside Rg5 (purity\>95%) was purchased from Chengdu Puruifa Technology Co., Ltd. (Sichuan, China). Bovine serum albumin (BSA, fraction V, purity\>96%) was obtained from Amresco (Solon, OH, USA). Folic acid (FA, purity≥97%) and fluorescein isothiocyanate (FITC) were purchased from Sigma-Aldrich (USA). (N)-N-dicyclohexylcarbodiimide (DCC) was purchased from China Pharmaceutical Group Chemical Reagent Co., Ltd. (Shanghai, China). N-hydroxysuccinimide (NHS, purity 98%) was purchased from Aladdin Industrial Corporation. Triethylamine (TEA) was purchased from Tianjin Fuyu Chemical Co., Ltd. Folic acid-free RPMI 1640 medium was obtained from Gibco (NY, USA). RPMI 1640 medium and penicillin/streptomycin were purchased from HyClone (LA, USA). Fetal bovine serum (FBS) was purchased from Biological Industries (Israel). Hoechst 33342 fluorescent dye was obtained from Beyotime Biotechnology (Shanghai, China). MTT, AO/EB, and DAPI were purchased from Beijing Solarbio Science & Technology Co., Ltd. Annexin V-FITC/PI apoptosis detection kit was obtained from KeyGEN Biotech. Co., Ltd. (Nanjing, China). DiR was purchased from Biotium Inc. (USA). All aqueous solutions were prepared using ultrapure water (Millipore, India).

Preparation of Rg5-BSA NPs {#S0002-S2002}
--------------------------

The Rg5-BSA NPs were prepared via the desolvation method as discussed previously.[@CIT0018] In brief, 45 mg BSA was dissolved in 3 mL water, and the pH was adjusted to 9. The BSA-water mixture was sonicated for 15 mins and stirred for 10 mins at room temperature. Then, 10 mg Rg5 was precisely weighed, dissolved in 1 mL ethanol and added dropwise to the BSA solution. The mixture was stirred for 30 mins at 600 rpm. Eleven milliliters ethanol was continuously added at a rate of 1.5--2.0 mL/min until the mixture appeared turbid. After 24 hrs, the ethanol was removed by evaporation at 40 °C. To obtain pellets, the solution was centrifuged at 12,000 rpm for 30 mins and washed to remove the unencapsulated drug. Finally, the nanoparticles were lyophilized to obtain a white powder for further characterization.

Preparation of FA-Rg5-BSA NPs {#S0002-S2003}
-----------------------------

First, N-hydroxy succinimide ester of FA (FA-NHS) was prepared according to the method of Lee and Low (1994).[@CIT0024] Briefly, 1 g FA was dissolved in 20 mL DMSO plus 0.5 mL TEA and reacted with NHS (0.52 g) in the presence of DCC (0.94 g) under stirring in the dark. Afterwards, the solution was filtered, precipitated, centrifuged, and dried, and a yellow powder was obtained.

The modification process of Rg5-BSA NPs with FA was as follows: FA-NHS (6 mg) was dissolved in 1 mL of a carbonate/bicarbonate buffer solution (0.2 M, pH 10), then slowly added dropwise to the Rg5-BSA NPs suspension (3 mL, pH 10) while stirring for 6 hrs in the dark. The suspension was centrifuged (10,000 r/min, 30 mins) and washed. The pellets were redispersed to obtain FA-Rg5-BSA NPs. For blank BSA NPs and FA-BSA NPs, the abovementioned procedure was followed, except for the addition of Rg5.

Determination of the FA amount in FA-Rg5-BSA NPs {#S0002-S2004}
------------------------------------------------

The amount of FA modified on Rg5-BSA NPs was determined by UV-vis spectrophotometry.[@CIT0026] Briefly, the lyophilized FA-Rg5-BSA NPs were hydrolyzed by trypsin under stirring at 37 °C for 2 hrs, then centrifuged at 6000 rpm for 10 mins and scanned in the 250--450 nm range, using the trypsin-hydrolyzed Rg5-BSA NPs and BSA NPs as blank controls. The FA amount in FA-Rg5-BSA NPs was determined at 366 nm using a calibration curve constructed with an FA-NHS solution: y =0.0161x+0.0039, R^2^=0.9998 (y: absorption; x: FA-NHS concentration, µg/mL).

Entrapment efficiency (EE) and drug loading (DL) {#S0002-S2005}
------------------------------------------------

To assess ginsenoside Rg5 entrapment and loading in Rg5-BSA NPs and FA-Rg5-BSA NPs, the NPs were accurately weighed and dissolved in acetonitrile, sonicated for 15 mins to extract the drug completely and then centrifuged at 5000 rpm for 10 mins. Rg5 in the supernatant was then filtered using a 0.45 µm syringe filter and injected into an Agilent 1260 reversed-phase high-pressure liquid chromatography (HPLC) system equipped with an Eclipse Plus C18 column (4.60 mm×250 mm, 5 µm) (Agilent, USA).[@CIT0027] The mobile phase consisted of HPLC grade water and acetonitrile (50:50% v/v) at a flow rate of 1.5 mL/min. The ultraviolet detection wavelength was set at 203 nm, and the column temperature was maintained at 35 °C. The linear regression equation of the calibration curve for Rg5 over the tested range of 5--100 µg/mL was y =4.3124 x +4.1772, R^2^=0.9997 (y: the peak area; x: Rg5 concentration, µg/mL). Finally, the drug loading (DL) and entrapment efficiency (EE) were calculated using the following equations: $$\documentclass[12pt]{minimal}
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Physicochemical characterization of FA-Rg5-BSA NPs {#S0002-S2006}
--------------------------------------------------

The particle size, polydispersity index (PDI) and zeta potential of Rg5-BSA NPs and FA-Rg5-BSA NPs were measured by a Malvern ZetaSizer Nano ZS analyzer (Nano-ZS ZEN3600, Malvern, UK). The shape and surface morphology of the Rg5-BSA NPs and FA-Rg5-BSA NPs were observed by scanning electron microscopy (SEM, Carl Zeiss ULTRA PLUS) and transmission electron microscopy (TEM, JEM-1230, Japan). The structural characterization of the Rg5-BSA NPs and FA-Rg5-BSA NPs was confirmed by Fourier transform infrared (FT-IR) spectroscopy and nuclear magnetic resonance (^1^H NMR). The stability of the Rg5-BSA NPs and FA-Rg5-BSA NPs was evaluated by monitoring their size, PDI and count rates in water at 4 °C over time.[@CIT0028] In order to evaluate the stability of Rg5-BSA NPs and FA-Rg5-BSA NPs in plasma (ex vivo), these NPs were resuspended in FBS and incubated at 4 °C for 5 days. The particle size of NPs was measured by DLS every day. The thermal stability of Rg5-BSA NPs and FA-Rg5-BSA NPs was investigated by thermogravimetric (TG) analysis and differential scanning calorimetry (DSC) (Shimadzu, Kyoto, Japan). The samples were accurately weighed, placed into standard aluminum pans and carefully sealed. An empty aluminum pan was used as reference. The sample and reference cell were purged with dry nitrogen gas (50 mL/min). For TG analysis, the samples were heated from 50 °C to 700 °C at a constant rate of 10 °C/min. For DSC analysis, the thermograms were obtained at a scanning rate of 10 °C/min over a temperature range of 30 °C −500 °C.[@CIT0029]

In vitro drug release {#S0002-S2007}
---------------------

The in vitro drug release of Rg5 from the Rg5-BSA NPs and FA-Rg5-BSA NPs was assessed using a membrane dialysis method in neutral medium with PBS (pH 7.4) and in acidic medium with acetate buffer (pH 5.0), respectively, containing 0.5% (v/v) Tween 80 over 140 hrs.[@CIT0030] In brief, 2 mL Rg5-BSA NPs and FA-Rg5-BSA NPs suspensions (5 mg/mL, 2 mL) were transferred into dialysis bags (MWCO 3500 Da) and then immersed in 50 mL tubes containing 40 mL release medium. The tubes were placed in an orbital water bath shaker at 37.0±0.5 °C with shaking at 120 rpm. At regular time points (0, 3, 6, 12, 24, 36, 48, 60, 72, 96, 120, and 144 h), 5 mL of the release medium was withdrawn and replaced with an equal amount of fresh release medium. The cumulative release percentage of Rg5 from the dialysis bags was determined by HPLC.

Cell culture {#S0002-S2008}
------------

Human breast cancer cells (MCF-7) (folate receptor positive tumor cells line), and normal fibroblast cells (L929) (folate receptor negative tumor cells line) were used in this study. They were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). The cell lines were cultured in RPMI 1640 culture medium or folic acid-free RPMI 1640 supplemented with 10% FBS and 1% penicillin/streptomycin in a 5% CO~2~ atmosphere incubator at 37 °C.

Cell viability assay {#S0002-S2009}
--------------------

The cell viability of Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs was measured by MTT assay. MTT assay is described in [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf). The 50% inhibitory concentration (IC~50~) was calculated using SPSS software. In addition, the cell viability of the blank nanoparticles was tested. Cell viability was calculated by the following equation: $$\documentclass[12pt]{minimal}
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where A~sample~ is the absorbance of the cells incubated with the samples, A~control~ is the absorbance of the cells incubated with the culture medium only (positive control), and A~blank~ is the absorbance of the culture medium without cells (negative control).

Cell apoptosis assay {#S0002-S2010}
--------------------

The apoptotic morphological characteristics of MCF-7 cells treated with Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs were analyzed by Hoechst 33342 and AO/EB staining. The staining assay is described in [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf). For the quantitative apoptosis analysis, the MCF-7 cells were treated with 50 µM Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs, and the culture medium, BSA NPs, and FA-BSA NPs were incubated as controls. Next, the cells were harvested and washed with cold PBS. Then, the cells were resuspended in 100 µL binding buffer containing 5 µL Annexin V-FITC and 5 µL PI. The stained cells were analyzed via flow cytometry.

Cellular uptake assay {#S0002-S2011}
---------------------

FITC was used as the fluorescent marker for labeling the nanoparticles to observe cellular uptake in MCF-7 cells by confocal laser scanning microscopy (CLSM).[@CIT0031] For quantitative cellular uptake analysis, flow cytometry (FACSCalibur, BD, USA) was utilized to quantify the fluorescence intensity. The confocal laser scanning microscopy and flow cytometry analysis procedures are given in [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf).

Human breast cancer xenograft mouse model {#S0002-S2012}
-----------------------------------------

To examine the in vivo antitumor effect of Rg5-BSA NPs and FA-Rg5-BSA NPs, human MCF-7 breast cancer subcutaneous tumor xenograft mice models were established.[@CIT0011] The tumor volume was calculated using the formula: Tumor volume (mm^3^) = (length) × (width)^2^×0.5. The establishment process of the human breast cancer xenograft mouse model is given in [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf).

In vivo imaging of DiR-labeled FA-Rg5-BSA NPs {#S0002-S2013}
---------------------------------------------

The in vivo biological distribution of DiR-labeled Rg5-BSA NPs and FA-Rg5-BSA NPs over time was investigated by a near-infrared fluorescence imaging system in MCF-7 tumor-bearing mice.[@CIT0032],[@CIT0033] A 100 µL portion of free DiR and DiR-labeled nanoparticles was intraperitoneally (i.p.) injected at a dose of 0.5 mg/kg. After injection, fluorescence images were taken at different intervals (2, 8 and 24 h) using an in vivo imaging system (IVIS^®^ Lumina XR Series III, PerkinElmer, Waltham, MA, USA).

Statistical analysis {#S0002-S2014}
--------------------

All data are presented as the mean ± SD. Statistical analysis of the data was conducted by one-way ANOVA for more than two groups and Student's *t*-test for two groups utilizing SPSS software (version 19.0). A difference was considered significant when *p*\<0.05 and highly significant when *p*\<0.01.

Results and discussion {#S0003}
======================

Preparation of Rg5-BSA NPs and Fa-Rg5-Bsa Nps {#S0003-S2001}
---------------------------------------------

BSA has been extensively used as a delivery carrier for drug. A schematic illustration for the preparation of FA-Rg5-BSA NPs is given in [Figure 1](#F0001){ref-type="fig"}, Rg5-loaded nanoparticles are prepared using desolvation method, which is a simple and economic pathway for drug encapsulation of albumin-based nanoparticles. This method often has a narrow particle size distribution and a low polydispersity index (PDI). BSA was dispersed in water and the pH was adjusted to be alkaline and ethanol was used as the dehydrating agent. The preparation of Rg5-BSA NPs was based on the differential solubility of BSA in different solvents, namely, the high solubility in water and low solubility in ethanol, which removed the hydrated membrane of BSA to produce nanoparticles with the addition of ethanol.[@CIT0018] The organic solvent removed by evaporation, and then Rg5-loaded nanoparticles were collected by centrifugation.Figure 1Schematic illustration of preparation of FA-Rg5-BSA NPs.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles.

FA was further modified on the surface of Rg5-BSA NPs by means of a simple amide bond. The various parameters of the preparation process were optimized, such as the concentration and pH of BSA, water-ethanol ratio, ratio of raw materials, rate of adding ethanol, and solution stirring time, to ensure the desired particle size and drug loading ability. The optimization results of Rg5-BSA NPs and FA-Rg5-BSA NPs are summarized in [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf) ([Tables S1](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf)-[S10](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf)). The mean particle size ranged from 154.4 to 321.4, and it was mainly influenced by pH value of BSA solution and volume ratio of ethanol to water. Similar findings were reported by Li et al indicated that the pH and the amount of ethanol exert a considerable impact on the formation of BSA nanoparticles.[@CIT0034] Therefore, the parameters (pH 9, ethanol to water volume ratio of 3:1) were set to obtain the desired particle size and encapsulation efficiency. Albumin has an augmented viscosity and decreased dissolvability at pH 9, which facilitate its preparation into nanoparticles.[@CIT0034] The modification of FA on the surface of Rg5-BSA NPs (Rg5 to BSA molar ratio of 20:1) had the minimum particle size (233.6 nm) when folic acid to BSA molar ratio of 15:1.

Particle size and size distribution properties play a vital role in the stability, cellular uptake and drug release. Typically, the size of the NPs less than 400 nm accumulate preferentially in tumor tissue rather than in normal tissues. This result appears to be a consequence of the enhanced permeability and retention (EPR) effect.[@CIT0021] In [Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}, the resulting optimized Rg5-BSA NPs and FA-Rg5-BSA NPs had average hydrodynamic sizes of 164.0 nm and 201.4 nm, respectively, which indicated uniform and narrow particle size distributions.[@CIT0029],[@CIT0035] After the modification of FA on the surface of Rg5-BSA NPs increased the size of particles. Surface morphology and particle size of the Rg5-BSA NPs and FA-Rg5-BSA NPs were examined by SEM and TEM. The Rg5-BSA NPs and FA-Rg5-BSA NPs were nearly monodisperse spheres with smooth surfaces ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Folic acid attached to the surface of Rg5-BSA NPs was not visible by SEM and TEM. Moreover, the particle size was slightly smaller than that of DLS result because of lack of hydration shell when particle size was determined by SEM and TEM.[@CIT0031] Zeta potential serves as an indicator of surface charge, which mainly affects the stability of the nanoparticles in dispersion. The higher the absolute value of the zeta potential, the higher the surface charge of the NPs. The FA modification to the Rg5-BSA NPs increased the negative surface charge of Rg5-BSA NPs from −14.9 mV to −22.5 mV, since the content of free amino groups decreased after FA modification. The zeta potential values of Rg5-BSA NPs and FA-Rg5-BSA NPs were negative, which increased when the NPs entered a weakly acidic tumor environment. As a result, the stability of the nanoparticles decreased, consequently triggering the release of Rg5.Figure 2(**A**) Hydrodynamic size distributions, (**B**) Zeta potentials, (**C**) SEM and (**D**) TEM images of Rg5-BSA NPs (top) and FA-Rg5-BSA NPs (bottom), and (**E**) UV-vis absorption spectra determining the amount of FA in Rg5-BSA NPs.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles; SEM, scanning electron microscopy; TEM, transmission electron microscopy.

An absorption peak at 366 nm appeared for FA-NHS as well as for the trypsin-hydrolyzed product of FA-Rg5-BSA NPs, while this absorption peak did not appear for trypsin-hydrolyzed Rg5-BSA NPs and BSA NPs ([Figure 2E](#F0002){ref-type="fig"}), which indicated that FA was modified on the surface of Rg5-BSA NPs. In addition, the amount of FA in FA-Rg5-BSA NPs was 94.6 µg/mg BSA NPs according to the calibration curve.[@CIT0036],[@CIT0037] The entrapment efficiency (EE) of the Rg5-BSA NPs and FA-Rg5-BSA NPs is summarized in [Table 1](#T0001){ref-type="table"}. The drug loading (DL) of the Rg5-BSA NPs and FA-Rg5-BSA NPs was optimized to be 14.53±2.63%, and 12.64±4.02%, respectively. It could be seen that Rg5-BSA NPs achieved a higher drug EE and DL. The slight decrease in the drug loading in FA-Rg5-BSA NPs was attributed to loss of drug during the process of modification of FA on the surface of Rg5-BSA NPs.Table 1Key parameters of Rg5-BSA NPs and FA-Rg5-BSA NPsSamplesParticle size (nm)PDIZeta potential (mV)Entrapment efficiency (%)Drug loading (%)The amount of FA (µg/mg BSA NPs)Rg5-BSA NPs164.0±3.60.043±0.039−14.9±1.778.26±5.4214.53±2.63--FA-Rg5-BSA NPs201.4±2.90.081±0.064−22.5±2.673.59±5.5012.64±4.0294.6±17.5[^1][^2]

Characterization of folic acid modification {#S0003-S2002}
-------------------------------------------

The FA-Rg5-BSA NPs were prepared by conjugating FA to the amino groups of Rg5-BSA NPs to form an amide linkage, which was proved by FT-IR and ^1^H NMR. [Figure 3A](#F0003){ref-type="fig"} displayed a comparison of the FT-IR spectra of BSA, Rg5, FA, Rg5-BSA NPs, and FA-Rg5-BSA NPs. The peaks at approximately 1063.38 cm^−1^ for the Rg5-BSA NPs and at 1028.79 cm^−1^ for the FA-Rg5-BSA NPs corresponded to the characteristic peak (C=O) of the Rg5 molecule at 1069.36 cm^−1^. The appearance of a peak at 1450.49 cm^−1^ for the FA-Rg5-BSA NPs corresponded to the phenyl ring of folic acid, and the new characteristic peaks at 1606.80 and 1537.63 cm^−1^ belonged to the amide linkage. These results preliminarily determined that Rg5 was encapsulated and that FA was conjugated.[@CIT0038] In [Figure 3B](#F0003){ref-type="fig"}, the ^1^H NMR spectra of Rg5-BSA NPs and FA-Rg5-BSA NPs exhibited the characteristic peaks of the Rg5 at approximately 0.88--1.50 ppm, and the characteristic peaks of the aromatic protons for FA at 7.88 ppm, 7.66 ppm, and 6.65 ppm were present for the FA-Rg5-BSA NPs, further confirming the effective encapsulation of Rg5 in the particles, as well as the successful FA modification to the Rg5-BSA NPs.[@CIT0039],[@CIT0040]Figure 3Characterization of folic acid modification.**Notes:** (**A**) The FT-IR and (**B**) ^1^H NMR spectra of BSA, Rg5, FA, Rg5-BSA NPs and FA-Rg5-BSA NPs.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles; FT-IR, fourier transform infrared spectroscopy; ^1^H NMR, nuclear magnetic resonance.

Physicochemical properties of Rg5-BSA NPs and FA-Rg5-BSA NPs {#S0003-S2003}
------------------------------------------------------------

The stability of nanoparticles not only facilitates the transportation and storage of the drug but also helps the drug reach the cells efficiently. As shown in [Figure 4](#F0004){ref-type="fig"}, the Rg5-BSA NPs and FA-Rg5-BSA NPs aqueous solutions were visually no precipitation throughout the observation period. In addition, the particle size, PDI and count rates of Rg5-BSA NPs and FA-Rg5-BSA NPs showed no drastic change. The stability of Rg5-BSA NPs and FA-Rg5-BSA NPs was maintain for 8 weeks at 4 °C.Figure 4The stability of Rg5-BSA NPs and FA-Rg5-BSA NPs over time.**Notes:** The stability of Rg5-BSA NPs (**A**) and FA-Rg5-BSA NPs (**B**) in water at 4 °C for 8 weeks. Data are represented as mean ± SD, n=3.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles; PDI, polydispersity index.

The stability of Rg5-BSA NPs and FA-Rg5-BSA NPs in plasma (ex vivo) was monitored by DLS. The result was shown in [Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf) in [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf), it can be seen that Rg5-loaded nanoparticles show an excellent stability in FBS.

Additionally, the thermal properties of Rg5-BSA NPs and FA-Rg5-BSA NPs were analyzed by TG analysis and DSC. Compared to that of Rg5, the degradation rate of FA-Rg5-BSA NPs was slow, suggesting that FA-Rg5-BSA NPs had better stability over a wide range of temperatures. These data are shown in [Figures S2](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf) and [S3](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf) in [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=210882.pdf).

In vitro drug release {#S0003-S2004}
---------------------

The in vitro drug release profile of Rg5 from the Rg5-BSA NPs and FA-Rg5-BSA NPs over 140 hrs was shown in [Figure 5](#F0005){ref-type="fig"}. The release of Rg5 exhibited a pH-dependent manner, the release rate of Rg5 at pH 5.0 was significantly faster than that at pH 7.4. At pH 5.0, the cumulative release percentage of Rg5 reached 46.20±3.44% for the FA-Rg5-BSA NPs in the first 48 hrs, then increased to 86.29±3.87% from the 48th to the 96th hour, showing almost complete drug release. A similar release profile was also observed for the Rg5-BSA NPs. At pH 7.4, only about half of Rg5 was released for Rg5-BSA NPs and FA-Rg5-BSA NPs within 144 hrs, which revealed slow and sustained drug release. Because the BSA carrier was susceptible to erosion and degradation in acidic environments which coincides with the pH of tumor microenvironment, the release of Rg5 from the nanoparticles was faster in cancer tissues than in normal cells. In this way, nanoparticles could continuously and effectively inhibit the growth of cancer cells.[@CIT0041],[@CIT0042]Figure 5The release curve of Rg5 from Rg5-BSA NPs and FA-Rg5-BSA NPs.**Notes:** The in vitro cumulative release percentage of Rg5 from Rg5-BSA NPs and FA-Rg5-BSA NPs over 140 hrs at different pH values (pH 5 and 7.4).**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles.

In vitro viability assay {#S0003-S2005}
------------------------

It is necessary to evaluate the cytotoxicity of the nanocarrier before further biomedical applications.[@CIT0043],[@CIT0044] The results in [Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"} demonstrated that the empty BSA NPs and FA-BSA NPs did not exhibit any significant toxicity toward the MCF-7 and L929 cells for 72 hrs. To assess the inhibitory effect on cancer cells and normal cells, MCF7 cells and L929 cells treated with Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs for 24 hrs and 48 hrs by means of the MTT assay.[@CIT0040],[@CIT0045]--[@CIT0047] As shown in [Figure 6C](#F0006){ref-type="fig"}--[F](#F0006){ref-type="fig"}, the effect of Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs on both cell lines showed dose-and time-dependent behavior. The IC~50~ value of Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs in the MCF-7 and L929 cells were shown in [Table 2](#T0002){ref-type="table"}. The IC~50~ value of Rg5-BSA NPs and FA-Rg5-BSA NPs were similar in the L929 cells (higher than the IC~50~ of Rg5) and 3 or 4 times higher than that in the MCF-7 cells (lower than the IC~50~ of Rg5). Compared with Rg5, the Rg5-BSA NPs and FA-Rg5-BSA NPs had superior anticancer activity in MCF-7 cells and minor effect in L929 cells due to the selectivity of nanoparticles and the biocompatible nature of BSA. In addition, the difference in the IC~50~ of FA-Rg5-BSA NPs between the L929 cells and the MCF-7 cells was greater than that of Rg5-BSA NPs, indicating that FA-Rg5-BSA NPs had the best anticancer activity in MCF-7 cells. Due to the highly expressed FA receptors in MCF-7 cells, FA-Rg5-BSA NPs might be internalized into the cells by receptor-mediated endocytosis with the specific ligand-receptor interaction. Consequently, the enhanced internalization of FA-Rg5-BSA NPs resulted in the accumulation of intracellular Rg5, further achieving significant cytotoxicity in the MCF-7 cells.Table 2The IC~50~ of Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs in MCF-7 and L929 cellsCell linesIncubation time (hrs)IC~50~ (µM)Rg5Rg5-BSA NPsFA-Rg5-BSA NPsMCF-7 cells2452.98±3.7638.28±4.6826.55±0.844838.61±7.7225.46±0.2819.75±2.58L929 cells2465.02±18.17111.67±32.98102.90±21.814846.86±5.5577.74±9.2570.11±7.87[^3][^4] Figure 6In vitro cell viability assay.**Notes:** Cell viability of blank BSA NPs, FA-BSA NPs against MCF-7 cells (**A**) and L929 cells (**B**) after incubating for 72 hrs; cell toxicity of Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs against MCF-7 cells (**C, E**) and L929 cells (**D, F**) for 24 hrs and 48 hrs. Values are represented as mean ± SD. (n=3, \**P*\<0.05, \*\**P*\<0.01).**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles.

Qualitative and quantitative cell apoptosis assays {#S0003-S2006}
--------------------------------------------------

To identify whether or not the inhibitory effect was associated with the induction of apoptosis, the apoptosis of MCF-7 cells treated with Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs was analyzed by Hoechst 33342 staining, AO/EB staining, and Annexin V-FITC/PI dual staining. As shown in [Figure 7A](#F0007){ref-type="fig"}, Hoechst 33342 staining demonstrated that the nuclei of untreated cells displayed a pale blue fluorescence. Nevertheless, the luminous blue fluorescence of the Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs groups gradually increased, indicating that the apoptotic cells in the FA-Rg5-BSA NPs group were more obvious than those in the Rg5 and Rg5-BSA NPs groups. Notably, the AO/EB staining results demonstrated that the FA-Rg5-BSA NPs group had the largest number of dead cells, with the maximum amount of red fluorescence. To further confirm these results, Annexin V-FITC/PI staining was carried out to quantify the cell apoptosis rate, as shown in [Figure 7B](#F0007){ref-type="fig"}.[@CIT0048] The percentage of apoptotic cells (early apoptotic plus late apoptotic cells) was approximately 33.10±2.57% for FA-Rg5-BSA NPs, 18.39±2.04% for Rg5-BSA NPs, and 11.71±1.68% for Rg5. This result proved that compared to all other groups, the FA-Rg5-BSA NP group could induce high apoptosis in MCF-7 cells.Figure 7Cell apoptosis assay of MCF-7 cells treated with Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs by (**A**) Hoechst 33,342, AO/EB, and (**B**) Annexin V-FITC/PI staining.**Note:** Magnification 20× and scale bar is 100 µm.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles; AO/EB, Acridine orange/ethidium bromide.

Qualitative and quantitative cellular uptake assays {#S0003-S2007}
---------------------------------------------------

The cellular uptake of FITC-labeled NPs (Rg5-BSA NPs, FA-Rg5-BSA NPs, and FA-Rg5-BSA NPs plus free FA) in MCF-7 cells was observed by CLSM and flow cytometry. FITC-labeled FA-Rg5-BSA NPs displayed the fluorescence intensity of 90.19% ([Figure 8B](#F0008){ref-type="fig"}) and most of them were located in the cytoplasm region ([Figure 8A](#F0008){ref-type="fig"}). The fluorescence intensity of FITC-labeled FA-Rg5-BSA NPs was much stronger than that of FITC-labeled Rg5-BSA NPs (50.16%), due to the overexpression of FA receptors by MCF-7 cells. More importantly, the addition of free FA clearly decreased the intracellular fluorescence intensity of FITC-labeled FA-Rg5-BSA NPs to 74.54%, suggesting that the cellular uptake of NPs was inhibited by the competitive binding of free FA to FA receptors on the surface of MCF-7 cells. These results demonstrated that the FA molecule modified on the nanoparticles could facilitate and enhance cellular uptake through the FA receptor mediated endocytosis process. Active cellular targeting may be achieved by modifying the surface of Rg5-BSA NPs with FA ligands that accelerate the cellular internalization of nanodrugs, eventually increasing the intracellular Rg5 content.Figure 8The cellular uptake of FITC-labeled NPs treated with MCF-7 cells for 3 hrs was observed by CLSM (**A**) and flow cytometry (**B**).**Note:** Magnification 40× and scale bar is 50 µm.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles; FITC, fluorescein isothiocyanate; CLSM, confocal laser scanning microscopy.

In vivo antitumor evaluation of FA-Rg5-BSA NPs {#S0003-S2008}
----------------------------------------------

The in vivo antitumor effect of Rg5-BSA NPs and FA-Rg5-BSA NPs was evaluated using an MCF-7 tumor-bearing mouse model ([Figure 9](#F0009){ref-type="fig"}).[@CIT0049] Compared to that in the control group, the tumor size of all models in the Rg5-BSA NPs and FA-Rg5-BSA NPs groups was dramatically suppressed due to the antitumor effect of Rg5. At day 21, the average tumor volume in the FA-Rg5-BSA NPs group was 750.85±263.39 mm^3^, which was remarkably smaller than that of the Rg5-BSA NPs group (1050.19±294.54 mm^3^) and the Rg5 group (1350.4±269.91 mm^3^). The tumor weight inhibitory rate of the mice was 48.84±9.74% for the Rg5 group, 69.91±11.77% for the Rg5-BSA NPs group, and 79.25±6.36% for the FA-Rg5-BSA NPs group. Obviously, the tumor weight inhibitory rate of the FA-Rg5-BSA NPs group was the highest, which was consistent with the tumor volume inhibition rate in nude mice. Significantly, the body weight of the mice was not alleviated by Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs, similar to that of the control group. This finding indicated that Rg5 probably had minimal side effects on the mice. Hence, the in vivo antitumor activity of FA-Rg5-BSA NPs was more favorable than that of Rg5 and Rg5-BSA NPs.Figure 9Rg5, Rg5-BSA NPs and FA-Rg5-BSA NPs significantly inhibited the growth of MCF-7 xenograft in vivo.**Notes:** (**A**) The image of MCF-7 xenograft tumors with different treatments at 21 days. (**B**) Tumor volume and (**C**) body weight were measured every 3 days. (**D**) Tumor weight after 21 days treatment. *p*\<0.05 was considered to have a significant difference. Different letters indicate significant differences between each group.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles.

Imaging the biodistribution of DiR-labeled FA-Rg5-BSA NPs {#S0003-S2009}
---------------------------------------------------------

DiR-labeled Rg5-BSA NPs and FA-Rg5-BSA NPs were utilized to monitor the in vivo real-time biodistribution and the tumor targeting effect of the nanoparticles ([Figure 10](#F0010){ref-type="fig"}). In the free DiR group, the fluorescence of DiR was clearly observed on the abdomen of nude mice at 2 hrs and then quickly declined over time. No fluorescence emerged in the tumor site of the mice. Regarding the Rg5-BSA NPs/DiR group, the body of mice as a whole had pronounced fluorescence. The region of the tumor in nude mice showed faint fluorescence at 24 hrs. Rg5-BSA NPs preferentially accumulate in tumors via a passive targeting mechanism named enhance permeability and retention (EPR) effect. Significantly, for the FA-Rg5-BSA NPs/DiR group, the tumor area of the mice already showed higher fluorescence at 8 hrs than that of the Rg5-BSA NPs/DiR group at 24 hrs. There was much stronger fluorescence at 24 hrs in the tumor position for the FA-Rg5-BSA NPs/DiR group. Thus, FA-Rg5-BSA NPs mainly accumulated in cancerous tissues after 8 hrs, and FA-Rg5-BSA NPs exhibited more powerful tumor targeting ability than that of Rg5-BSA NPs. FA-Rg5-BSA NPs are actively directed towards the cancer cells due to the abundant presence of FA receptors on their surface, causing enhanced uptake and internalization of nanoparticles through receptor-mediated endocytosis.Figure 10The in vivo real-time biodistribution imaging.**Notes:** MCF-7 tumor-bearing mice treated with free DiR, Rg5-BSA NPs/DiR, and FA-Rg5-BSA NPs/DiR at 2 h, 8 h and 24 h.**Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles; DiR, dioctadecyl-tetramethyl indotricarbocyanine iodide.

Conclusion {#S0004}
==========

In conclusion, a promising nanotechnology-based targeted drug delivery system was developed by utilizing BSA as the carrier to entrap Rg5; then, Rg5-BSA NPs was packed with the target molecule FA. The resultant Rg5-loaded NPs showed suitable particle size, uniform spherical shape, and favorable bioactivity. In particular, FA-Rg5-BSA NPs evoked more cytotoxicity than Rg5 in MCF-7 cells but less cytotoxicity in normal L929 cells. In oncology, receptors-mediated endocytosis and the EPR effect are the primary rationales for delivering nanoparticles to cancer cells. Additionally, FA-Rg5-BSA NPs could induce a high level of apoptotic cell death. Moreover, FA-Rg5-BSA NPs was highly taken up by MCF-7 cells. In the MCF-7 xenograft mouse model, FA-modified targeted nanoparticles enabled efficient Rg5 accumulation at the tumor site in 8 hrs. Overall, this targeted Rg5 delivery system offers several appealing advantages, such as improved drug therapeutic effects, intensive selectivity and enhanced ability to target carcinoma cells. Prospectively, a series of Rg5-related nanodrugs for cancer therapy can be continuously explored and further popularized in the future.
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[^1]: **Notes:** Data are represented as mean ± SD, n=3.

[^2]: **Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles; PDI, polydispersity index.

[^3]: **Notes:** Data are represented as mean ± SD, n=3.

[^4]: **Abbreviations:** BSA, bovine serum albumin; Rg5, ginsenoside Rg5; FA, folic acid; NPs, nanoparticles.
